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Psoriasis is a multifactorial chronic 
inflammatory disorder affecting 
1-3% of the world population (1). 
Studies have demonstrated that psoriasis 
is associated with cardiovascular disor- 
ders probably due, in part, to shared in- 
flammatory pathways (2). Similarly, 
diabetes mellitus (DM) is a serious and 
growing public health problem world- 
wide with severe complications, includ- 
ing increased cardiovascular morbidity 
and mortality (3,4). Although previous 
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studies have examined the association be- 
tween psoriasis and risk of impaired glu- 
cose tolerance and DM, conflicting 
results have been reported, limited data 
are available on the impact of psoriasis 
severity on risk of DM, and nationwide 
data have not been presented (5-15). 
Therefore, our aim with the current study 
was to examine the association between 
psoriasis and new-onset DM, including 
the impact of psoriasis severity, in a nation- 
wide setting. 



RESEARCH DESIGN AND 
METHODS 

Data sources and study population 

The study was conducted and reported in 
accordance with the Strengthening the 
Reporting of Observational Studies in 
Epidemiology (STROBE) recommenda- 
tions (16). In Denmark, all citizens 
have a unique and life-long personal civil 
registration number that enables individual- 
level linkage of information across nation- 
wide registers. All medications dispensed 
from pharmacies were obtained from the 
national prescription registry (the Danish 
Registry of Medicinal Product Statistics), 
where all dispensed prescriptions from 
Danish pharmacies have been recorded 
since 1995. The National Prescription 
Registry is directly linked to the system 
for reimbursement of drug expenses and 
has previously been validated (17). Deaths 
were identified from the Central Popula- 
tion Register, in which deaths are recorded 
within 2 weeks. Morbidity was obtained 
from the Danish National Patient Register, 
wherein all hospital admissions, out- 
patient consultations, diagnoses, and pro- 
cedures have been recorded since 1978 
according to the ICD (ICD-8 until 1994 
and ICD- 10 thereafter). Comorbidity at 
study entry was described by Charlson 
comorbidity index, as defined by 19 pre- 
specified diagnoses at study entry and 
up to 1 year previously, and modified to 
ICD- 10 (18). Socioeconomic status was 
defined by the individual average yearly 
gross income during a 5-year period prior 
to study inclusion, and patients were 
divided into quintiles according to their 
income. Data on death, comorbidity, con- 
comitant medication, and socioeconomic 
status were linked on an individual case 
level. 

The entire Danish population 10 
years of age or older as of 1 January 
1997 (baseline of study) was followed 
until 31 December 2009, emigration, 
new-onset DM, or death. Patients with 
psoriasis were identified by dispensed 
prescriptions of topical vitamin D deriv- 
atives, i.e., first-line treatment used ex- 
clusively for psoriasis and unavailable 
over the counter without prescription. 
Patients were classified as having severe 
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OBJECTIVE — Psoriasis is associated with increased risk of cardiovascular events and in- 
creased prevalence of cardiovascular risk factors. Diabetes mellitus (DM) is a major contributor 
to cardiovascular morbidity and mortality that may be associated with psoriasis, but conflicting 
results have been presented and nationwide data on the nsk of new-onset DM in patients with 
psoriasis have not been reported. 

RESEARCH DESIGN AND METHODS— The study comprised a Danish population 
SlO years of age on 1 January 1997 who were followed until new-onset DM, death, or 31 
December 2009. Information on comorbidity, concomitant medication, and socioeconomic 
status was linked on an individual level. The primary study end point was DM requiring 
pharmacotherapy. Incidence rates for the development of DM events per 1,000 observational 
years were calculated and adjusted. Incidence rate ratios (IRRs) were estimated by Poisson 
regression. 

RESULTS — A total of 4,614,807 subjects were eligible for analysis, with a maximum follow- 
up of 13 years. In the study period, 52,613 patients with psoriasis, including 6,784 patients 
with severe psoriasis, were identified. The overall incidence rates for new-onset DM were 3.67 
(CI 3.65-3.69), 6.93 (6.63-7.25), and 9.65 (8.68-10.73) for the reference population, mild 
psoriasis, and severe psoriasis, respectively. Compared with the reference population, the IRR 
of new-onset DM was increased in all patients with psoriasis, i.e., IRR 1.49 (CI 1.43-1.56) and 
2.13 (1.91-2.37) for those with mild and severe psoriasis. 

CONCLUSIONS — In this nationwide cohort, psoriasis was associated with increased inci- 
dence rates of new-onset DM. The association remained statistically significant after adjustment 
for confounding factors. 
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psoriasis at the time of their third hospi- 
talization or outpatient consultation for 
psoriasis (ICD-10 L40) or psoriatic ar- 
thritis (M070-M073). This method for 
identification and psoriasis severity clas- 
sification has previously been validated 
(19,20). Patients with previous psoriasis 
and/or DM (defined by prior use of 
glucose-lowering drugs, see below) were 
excluded at the baseline to more accu- 
rately examine the time at risk and the 
chronology of disease onset. 

Pharmacotherapy 

Drugs are registered in the national pre- 
scription registry according to the in- 
ternational Anatomical Therapeutic 
Chemical (ATC) classification system. 
Patients with psoriasis were identified by 
their claimed prescriptions of topical 
vitamin D derivates (ATC D05AX). Base- 
line treatment with antidepressive 
medication (N06A), nonsteroidal anti- 
inflammatory drugs (NSAIDs; M01A), 
platelet inhibitors (B01AC), cholesterol- 
lowering drugs (CI OA), systemic gluco- 
corticoids (H02AB), (3-blockers (C07), 
thiazides (C03AA), ACE inhibitors/angio- 
tensin 2 receptor blockers (ARBs) (C09), 
vitamin K antagonists (B01AA), loop diu- 
retics (C03C), and spironolactone (C03D) 
was defined by dispensed prescriptions up 
to 6 months prior to the study inclusion 
date. 

Outcome 

The primary end point was the develop- 
ment of DM needing pharmacotherapy, 
which was defined by initiation of 
glucose-lowering drugs (A 10), identified 
by claimed prescriptions from pharmacies, 
as done previously (19,21,22). Glucose- 
lowering drugs are not available over the 
counter in Denmark. In addition, the in- 
cidence rates of all-cause mortality and car- 
diovascular mortality (10-199) were 
examined. 

Statistical analysis 

Baseline characteristics were summarized 
as means with standard deviations or 
frequencies and percentages, as appropri- 
ate. Incidence rates were summarized as 
new-onset DM cases per 1,000 patient- 
years. We estimated the incidence rate 
ratio (IRR) for each study end point with 
Poisson regression models adjusted for 
confounding factors, including age, sex, 
calendar year, concomitant medication, 
comorbidity, and socioeconomic status. 
Cox regression is routinely used for 



epidemiological cohort studies of cen- 
sored data but is less efficient when large 
datasets are analyzed. Therefore, we used 
Poisson regression analyses as done pre- 
viously (23). 

Psoriasis was included as a time- 
dependent variable. Age and calendar 
year were also included as time-depen- 
dent variables. Comorbidity and concom- 
itant medication were included as fixed 
variables obtained at baseline. 

A sensitivity analysis, to determine 
whether a potential risk of surveillance 
bias affected our primary results, was 
carried out by excluding all subjects 
with a history of hospitalizations and 
prescription claims. Patients with psori- 
atic arthritis may be more likely to receive 
treatment with glucocorticoids; hence, to 
attenuate the potential impact of gluco- 
corticoids on the risk of DM, we excluded 
patients with psoriatic arthritis in a sen- 
sitivity analysis. 

To address the impact of bias caused by 
the increased health care consumption 
associated with our study criteria for pso- 
riasis diagnosis, we also conducted analyses 
with altered criteria of psoriasis inclusion 
criteria. In accordance with the altered 
criteria, patients with psoriasis were iden- 
tified by their first vitamin D prescription 
claim and classified as having severe disease 
at the time of their first in- or outpatient 
hospitalization with this diagnosis, i.e., a 
definition of psoriasis considerably less 
conservative and less related to recurrent 
physician and hospital visits than the one 
used in the primary analyses. 

Finally, an additional analysis with 
the exclusion of subjects <40 years of age 
(to focus more exclusively on type 2 DM) 
was performed. A two-sided P value 
<0.05 was considered statistically signif- 
icant. Model assumptions, including ab- 
sence of interaction between covariates, 
were tested. A statistically significant in- 
teraction between severe psoriasis and age 
was found; however, age stratification did 
not provide further clinically relevant in- 
formation and therefore overall results 
(i.e., not age stratified) are presented. All 
statistical analyses were performed with 
SAS statistical software version 9.2 and 
STATA software version 11. 

RESULTS 

Baseline characteristics and death 
rates 

The study comprised 4,614,807 subjects 
with a maximum follow-up of 13 years. A 
total of 96,551 subjects with a previous 



history of DM and/or psoriasis were ex- 
cluded from the study at baseline. During 
the study period, 45,829 subjects with 
mild and 6,784 subject with severe pso- 
riasis were identified, including 2,197 
with psoriatic arthritis. They were com- 
pared with the reference population of 
4,562,194 individuals. An illustration 
of the study population selection is pre- 
sented in Fig. 1 . Compared with the ref- 
erence population, psoriasis patients 
had a similar use of cardioprotective 
medications and comorbidity at base- 
line, whereas use of NSAIDs, cholesterol- 
lowering drugs, and antidepressive drugs 
was slightly increased in patients with se- 
vere psoriasis compared with mild psori- 
asis and the reference population, 
respectively. Follow-up in individual 
groups and baseline characteristics of 
the study population are summarized in 
Table 1. 

Psoriasis was associated with increased 
incidence rates of all-cause mortality, car- 
diovascular mortality, and new-onset DM 
(Table 2). The overall incidence rates 
per 1,000 person-years for all-cause mor- 
tality were 12.57 (CI 12.54-12.60), 15.46 
(15.01-15.92), and 24.40 (22.87-26.04) 
for the reference population and patients 
with mild and severe psoriasis, respec- 
tively. Correspondingly, the rates for 
cardiovascular mortality were 5.54 
(5.52-5.56), 6.12 (5.84-6.41), and 7.93 
(7.08-8.89). 

New-onset DM 

The incidence rates per 1,000 person- 
years for new-onset DM were 3.67 (CI 
3.65-3.69), 6.93 (6.63-7.25), and 9.65 
(8.68-10.73) for the reference population 
and patients with mild and severe psori- 
asis, respectively. The Poisson regression 
analyses, adjusted for age and sex, con- 
firmed increased incidence rates for 
new-onset DM in all patients with psori- 
asis compared with the reference popula- 
tion with IRR 1.49 (1.43-1.56) and 2.13 
(1.91-2.37) for mild and severe psoriasis, 
respectively. The IRRs associated with 
psoriasis remained statistically significant 
in fully adjusted statistical models con- 
trolling for age, sex, calendar year, comor- 
bidity, concomitant medications, and 
socioeconomic status (Table 3). 

Sensitivity analyses 

When we excluded subjects with prior 
hospitalizations and/or prescription 
claims, the resulting IRRs for new-onset 
DM were fully comparable to the primary 
results, i.e., IRR 1.49 (CI 1.43-1.56) and 
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Danish population 
aged > 10 years on January 1, 1997 

n = 4 614 807 



Excluded at baseline: 

Prevalent diabetes and/ or psoriasis 
n = 96 551 



Study cohort n = 4518256 



Reference population 
n = 4 465 643 




Mild psoriasis 




Severe psoriasis 


n = 45 829 




n = 6784 



Figure 1 — Flowchart of selection of study population. 



2 . 1 2 ( 1 .90-2 .36) for mild and severe pso- 
riasis, respectively. After exclusion of pa- 
tients with psoriatic arthritis, the results 
were not altered significantly. In addition, 
exclusion of subjects <40 years of age 
yielded similar results, i.e., IRR 1.49 
(1.43-1.57) and 2.02 (1.80-2.27) for 
mild and severe psoriasis, respectively. 

When the criteria for identifying pso- 
riasis were altered to the first vitamin D 
prescription claim for mild psoriasis and 
first hospitalization for severe psoriasis, a 
total of 66,476 patients with mild psori- 
asis and 17,271 with severe psoriasis were 
identified. In this analysis, the results 
were unaffected by the criteria alteration 
and fully comparable to results of the 
primary analyses; IRR 1.41 (CI 1.35- 
1.47) and 1.86 (1.73-2.00) for mild and 
severe psoriasis, respectively. 

CONCLUSIONS— In the current 
study, we compared the incidence rates 
of new-onset DM in patients with psori- 
asis with those of the general population 
in an unselected, nationwide register- 
based cohort followed for a maximum of 
13 years. After adjusting for age, sex, con- 
comitant medication, comorbidity, and 
socioeconomic status, the IRRs of new- 
onset DM were significantly increased in 



all patients with psoriasis compared with 
the general population. Importantly, the 
IRR of new-onset DM increased with pso- 
riasis severity. 

Psoriasis is a chronic inflammatory 
disease characterized by regulatory T-cell 
dysfunction and activation of T-helper 1 
(Thl) and Thl7 T cells producing proin- 
flammatory cytokines (24,25). Similarly, 
inflammatory processes play a pivotal role 
in the development and progression of 
DM, and increased levels of proinflamma- 
tory cytokines, such as tumor necrosis 
factor-a, are associated with insulin resis- 
tance and type 2 DM (26,27). Further- 
more, chronic inflammation in psoriatic 
individuals gives rise to increased levels of 
insulin-like growth factor-II, which pro- 
mote epidermal proliferation and are 
linked to DM and atherosclerosis (28- 
30). Indeed, systemic inflammation may 
contribute to both DM and cardiovascular 
disease in patients with psoriasis (31). 
Along this line, increasing evidence has 
linked other chronic inflammatory disea- 
ses, e.g., rheumatoid arthritis, to en- 
hanced risk of DM, insulin resistance, 
and cardiovascular disease (32,33). Fur- 
thermore, recent studies have suggested 
that the use of tumor necrosis factor-a 
antagonists in patients with rheumatoid 



arthritis or psoriasis improves insulin sen- 
sitivity and reduces the risk of DM and 
cardiovascular disease (34,35). From 
this perspective, our findings of an ele- 
vated risk of new-onset DM in patients 
with psoriasis further emphasize the con- 
siderable overlap of disease mechanisms 
shared by chronic inflammatory diseases 
and DM. 

Previous case-control and cross- 
sectional studies have demonstrated an 
increased probability of developing DM 
among psoriatic individuals (5-8,11- 
13,15,36). In contrast, a few studies 
have shown no association between pso- 
riasis and DM (9,10,14). Among the rea- 
sons for these conflicting results could be 
methodological issues, e.g., inadequate 
population size, information bias, and in- 
adequate adjustments for covariates. 
Although a few cohort studies of selected 
populations have been carried out, results 
from nationwide cohort studies have not 
been reported previously (5,11,37). Ad- 
ditionally, very little data are available on 
the potential impact of psoriasis disease 
severity on the risk of DM, and the evi- 
dence of a relationship to psoriasis sever- 
ity is sparse (5,8,38). Our results, 
however, are clearly in agreement with 
previous studies demonstrating a link be- 
tween chronic inflammatory diseases, in- 
cluding psoriasis and rheumatoid 
arthritis, and augmented risk of DM (5- 
7,11-13,32,33,37). Fhe increased risk of 
DM in patients with psoriasis is likely to 
contribute to the increased risk of cardio- 
vascular morbidity and mortality ob- 
served in these patients (including the 
population examined in the current re- 
port), albeit this risk has been found to 
be increased even after adjustments for 
DM and other risk factors in agreement 
with the notion of independent effects of 
inflammation per se (19,20,39-41). 
Faken together, our results add to current 
evidence that patients with psoriasis are at 
increased risk of DM and cardiovascular 
disease and they would appear to under- 
line the importance of regular evaluation 
of cardiovascular risk factors, including 
blood glucose levels, in these patients 
(42). 

Major strengths of the current study 
include the use of nationwide prospec- 
tively recorded data, completeness of 
follow-up, and use of validated measures 
of exposure and outcome. In addition, the 
exclusion of subjects with prevalent pso- 
riasis and DM at the baseline ensured the 
most accurate allocation of time at risk. 
Importantly, health care in Denmark is 
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Table 1 — Baseline characteristics of the study population 





Reference population 
(n = 4,465,643) 


Mild psoriasis 
(n = 45,829) 


Severe psoriasis 
(n = 6,784) 


Characteristics 


Mean (SD) age (years) 


43.9 (19.9) 


45.3 (16.9) 


44.7 (16.1) 


Men (%) 


2,189,588 (49.0) 


22,631 (49.4) 


3,196 (47.1) 


Women (%) 


2,276,055 (51.0) 






Mean (SD) follow-up time (years) 


11.9 (3.0) 


6.0 (3.9) 


5.2 (3.6) 


No. person-years 


52,977,413 


275,154 


35,231 


Mean (SD) socioeconomic status 


3.0(1.4) 


3.2 (1.4) 


3.1 (1.3) 


Comorbidity (%) 


Congestive heart failure 


9,930 (0.2) 


47 (0.1) 


14 (0.2) 


Cerebrovascular disease 


12,383 (0.3) 


86 (0.2) 


10 (0.2) 


Cardiac dysrhythmia 


13,990 (0.3) 


112 (0.2) 


27 (0.4) 


Renal disease 


2,259 (0.1) 


12 (0.0) 


3 (0.0) 


Chronic obstructive pulmonary 
disease 


11,305 (0.3) 


60 (0.1) 


16 (0.2) 


Cancer 


24,644 (0.6) 


180 (0.4) 


28 (0.4) 


Peripheral vascular disease 


5,474 (0.1) 


48 (0.1) 


8(0.1) 


Previous myocardial infarction 


6,941 (0.2) 


64 (0.1) 


12 (0.2) 


Treatment (%) 


Antidepressant 


136,860 (3.1) 


1,673 (3.7) 


326 (4.8) 


Platelet inhibitor 


91,202 (2.0) 


887 (2.0) 


100 (1.5) 


Systemic glucocorticoids 


85,358 (1.9) 


947 (2.1) 


298 (4.4) 


P-Blocker 


133,754 (3.0) 


1,773 (3.9) 


266 (3.9) 


ACEI/ARB 


105,672 (2.4) 


1,307 (2.9) 


186 (2.7) 


NSAID 


115,161 (2.6) 


1,477 (3.2) 


401 (5.9) 


Loop diuretic 


117,683 (2.6) 


890 (1.9) 


185 (2.7) 






1,610(3.5) 


238 (3.5) 


Thiazide diuretic 


139,261 (3.1) 


1,542 (3.4) 


239 (3.5) 


Vitamin K antagonist 


20,112 (0.5) 


182 (0.4) 


33 (0.5) 


Cholesterol-lowering drugs 


27,025 (0.6) 


431 (0.9) 


58 (0.9) 


Spironolactone 


13,636 (0.3) 


106 (0.2) 


17(0.3) 



ACEI, ACE inhibitor. 



essentially free of charge and therefore, in 
principle, equally accessible to all. The 
inclusion of the entire Danish population 
in the current study also attenuated the 
risk of selection bias related to age, sex, 
socioeconomic status, and health care 



insurance status. In addition, the demon- 
stration of a dose response to psoriasis 
disease severity is suggestive of a direct 
relationship between psoriasis and risk of 
DM, and inflammation is likely to be a 
shared causal mechanism. 
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Major limitations of the current study 
include the use of hospitalizations to 
classify severe psoriasis, as this may have 
increased the presence of comorbidities 
and decreased the threshold for detection 
of the study outcome in this patient group 
because of surveillance bias. We ad- 
dressed this key concern by making 
multiple adjustments for confounding 
variables, including the Charlson comor- 
bidity index and concomitant medica- 
tion. Importantly, we applied sensitivity 
analyses with altered inclusion criteria 
and exclusion of patients with a history 
of hospitalizations and/or prescription 
claims and observed no considerable 
changes in the results. This method of 
classifying severe psoriasis was previously 
validated by examining the medical re- 
cords of 50 randomly selected patients 
with psoriasis consecutively referred for 
first-time hospital-based treatment. At 
presentation, these patients were mainly 
treated with topical agents and had a 
mean psoriasis area and severity index 
score of 10, which was consistent with 
severe psoriasis (19). Also, the registries 
used in the current study did not allow for 
the identification of some cardiometa- 
bolic risk factors (e.g., obesity, smoking, 
and lipid profile). Although the study de- 
sign accounted for some of these effects 
by multivariable adjustments, e.g., socio- 
economic status and concomitant medi- 
cation, the effect of residual confounding 
cannot be ruled out. The use of vitamin D 
prescription claims to identify patients 
with psoriasis preludes conclusions re- 
garding patients treated with other first- 
line topical treatments. However, this 
method of identification was validated 
previously by examining the hospital re- 
cords of 155 randomly selected patients 
with psoriasis, where 73.5% were to 
found to have a history of vitamin D de- 
rivative use (20). Indeed, the latter is the 
preferred first-line treatment for psoriasis 
in Denmark and any bias related to such 
potential misclassification is expected to 
be minor and would arguably draw the 
results toward the null. Furthermore, 
the current study used claimed prescrip- 
tions for glucose-lowering drugs to define 
new-onset DM; consequently, the pa- 
tients with DM managed with diet alone 
were not identified. The results are there- 
fore only valid for patients with DM re- 
quiring pharmacotherapy. 

It was not possible to differentiate 
between type 1 and type 2 DM in the 
current study, as the registries do not hold 
data on, for example, antiglutamic acid 



Table 2 — Incidence rates with 95% CIs per 1,000 person-years and numbers of events for all- 
cause mortality, cardiovascular mortality, and new-onset DM 





Reference population 


Mild psoriasis 


Severe psoriasis 


All-cause mortality 


12.57 


15.46 


24.40 


IR (CI) 


(12.54-12.60) 


(15.01-15.92) 


(22.87-26.04) 


Number of events 


677,787 


4,436 


914 




5.54 


6.12 


7.93 


IR (CI) 


(5.52-5.56) 


(5.84-6.41) 


(7.08-8.89) 


Number of events 


298,492 


1,755 


297 


New-onset DM 


3.67 


6.93 


9.65 


IR (CI) 


(3.65-3.69) 


(6.63-7.25) 


(8.68-10.73) 


Number of events 


194,404 


1,907 


340 



IR, incidence rate. 
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Table 3 — New-onset DM: IKRs and 95% CIs for mild and severe psoriasis along with 
individual covariates 



New-onset DM 


IRR 


95% CI 


P value 


Estimates adjusted for age and sex 


Mild psoriasis 


1.49 


1.43-1.56 


<0.001 


Severe psoriasis 


2.13 


1.91-2.37 


<0.001 










Age (per 10 years) 


1.04 


1.04-1.04 


<0.001 


Estimates adjusted for age, sex, comorbidity, 
medication, and socioeconomic status 


Severe psoriasis 


2.00 


1.79-2.22 


<0.001 






1.40-1.54 


<0.001 


Sex (male vs. female) 


1.54 


1.53-1.55 


<0.001 


Age (per 10 years) 


1.03 


1.03-1.03 


<0.001 


Socioeconomic status (per level increase) 


0.95 


0.94-0.95 


<0.001 


Antidepressant 


1.34 


1.31-1.37 


<0.001 


Platelet inhibitor 


0.99 


0.97-1.01 


<0.001 


Systemic glucocorticoids 


1.26 


1.22-1.29 


<0.001 


P-Blocker 


1.55 


1.53-1.58 


<0.001 


ACEI/ARB 


1.74 


1.71-1.78 


<0.001 






1.30-1.36 


<0.001 


Loop diuretic 


1.64 


1.61-1.68 


<0.001 


Calcium channel blocker 




1.38-1.42 


<0.001 


Thiazide diuretic 


1.43 


1.41-1.46 


<0.001 


Vitamin K antagonist 


1.18 


1.13-1.23 


<0.001 


Cholesterol-lowering drugs 


1.54 


1.49-1.59 


<0.001 


Spironolactone 


1.64 


1.55-1.73 


<0.001 



ACEI, ACE inhibitor. 



decarboxylase antibodies or C-peptide 
levels. However, the vast majority of 
patients treated with glucose-lowering 
medications have type 2 DM, and there- 
fore, the results mainly reflect an in- 
creased risk of type 2 DM. Finally, the 
majority of the Danish population is 
of Caucasian descent, which may limit 
the extrapolation of the results to other 
ethnicities. 

This nationwide cohort study sug- 
gests that patients with psoriasis are at an 
increased risk of new-onset DM com- 
pared with the general population. The 
incidence rates were highest in individu- 
als with severe psoriasis. The results 
emphasize the importance of considering 
psoriasis a systemic inflammatory disor- 
der rather than an isolated skin disease. 
Clinicians should be aware and may want 
to consider early screening and treatment 
of these risk factors. Moreover, prospec- 
tive studies aimed at the effects of such 
interventions on hard outcomes are 
urgently needed. 
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